Background: Sleep-disordered breathing (SDB) can be one of the major determinants of high blood pressure (BP), but there has been no study on SDB with an emphasis on shift workers. The objective of this study was to examine whether a relationship between SDB and blood pressure/hypertension is more evident among shift workers than among day workers.
S
hift work is a form of work organization that pervades most occupational sectors in modern industrial societies worldwide, involving approximately 15 million and 6 million people in the United States and Japan, respectively. 1,2 Shift work refers to work schedules that fall outside conventional daytime work hours, for example, from 8 AM to 5 PM. It includes evening and night work, rotating shifts in which work periods change regularly, extended and irregular work hours, on call duties and permanent day work that starts or ends outside normal daytime work hours. 3, 4 Shift work can cause or aggravate hypertension, a major risk factor for cardiovascular disease. [5] [6] [7] This adverse effect of shift work can be aggravated by sleep-disordered breathing (SDB) because this disorder has been found to be associated with hypertension. 8 -12 However, to date no epidemiologic study has examined the prevalence of SDB and its effects on blood pressure (BP) levels among shift workers compared with day workers. We hypothesized that shift work, SDB, and its combination would enhance the development of hypertension, probably through increased activity of the sympathetic nervous system. Thus, we examined the relationships between BP and SDB among shift and day workers in a Japanese power company. With the cooperation of the company and its employees, we studied almost the entire work population of shift workers at three nuclear power plants to estimate the prevalence of SDB, free of any selection bias.
Methods

Subjects
The study subjects were male shift workers engaged in plant operations in three nuclear power plants. This study focused on those who were shift workers aged 30 years or more (the age range of the study participants was 30 to 62 years) because SDB seems to play a role in health problems in this age group. They were recruited by an occupational physician (TT) and the staffs of the company (KM and YK). A total of 253 shift workers participated in the study (response rate, 93%). In one of the three plants, 206 male day workers whose age were also 30 years or older (response rate, 100%) were recruited as a reference group. None of these shift or day workers had a history of stroke or ischemic heart disease. Written informed consent was obtained from all the subjects, and the study protocol was approved by the Ethical Committee of the University of Tsukuba.
The schedule of work shifts at each plant was D1-D2-A-N1-N2-O-O-O (D1 ϭ day shift 1, with working time from 8:30 AM to 3 PM; D2 ϭ day shift 2, with working time from 8:30 AM to 9 PM; A ϭ afternoon shift, with working time from 3 PM to 9 PM; N1 and N2 ϭ night shift, with working time from 9 PM to 8:30 AM; O ϭ day off).
Measurements
BP and Body Mass Index
Blood pressure and body mass index (BMI) were recorded during the annual health check-up in cardiovascular risk factor surveys conducted at these plants. Blood pressure levels were measured by trained nurses using standard mercury sphygmomanometers on the right arms of seated subjects after the subject rested for 5 min on the morning of a working day.
Pulse Oximetry A pulse oximeter PULSOX-3Si (Minolta Co., Ltd., Osaka, Japan) was worn on the left wrist of subjects during one night's sleep at home. The sensor probe was fitted to the fourth finger and secured with a tape by each subject. The internal memory of this device stored the values of blood oxygen saturation by performing a moving average for the last 5 sec, updated every second. This sampling time was short enough to avoid underestimation of oxygen desaturation. 13 Data were downloaded to a personal computer through an interface (PULSOX IF-3, Minolta Co., Ltd.) and analyzed using proprietary software supplied with the equipment (DS-3 Ver.2.0a, Minolta Co., Ltd.). The 3% oxygen desaturation index (3% ODI) was used as an indicator of SDB. It represents the number of events per hour of recording time in which blood oxygen falls by Ն3%. The 3% ODI threshold recorded during an estimated sleep time of more than 4 hours was used in the analyses. The duration of sleep estimated by pulse oximetry may be longer than true total sleep time. Therefore, to minimize its potential overestimation of sleep duration, we applied a sleep log to exclude the waking time from the analysis. The criteria for SDB were defined as the occurrence of a 3% ODI level Ն10, and Ն15 times per hour, which corresponded to mild-tosevere and moderate-severe SDB, respectively.
The validity of pulse oximetry used in our present study was established previously by synchronous overnight recording of both the pulse oximetry and polysomnography (PSG) among 256 consecutive patients (mean BMI, 26.8 kg/m 2 ) who had been referred to a SDB center. A sensitivity level of 94% and a 93% level of specificity for detecting an apnea hypopnea index (AHI) Ն20 determined by PSG was achieved using a cutoff threshold of 3% ODI ϭ 10. A 85% sensitivity and 100% specificity was obtained for an AHI Ն20 using a cutoff threshold of 3% ODI ϭ 15.
14 Recently, we showed a significant relationship between usual alcohol consumption and SDB severity using the same type of pulse oximeters.
15
Self-Report Measures Subjects also completed a selfreport questionnaire on potential behavioral confounders that might contribute to or aggravate the incidence of SDB (eg, the level of alcohol intake and smoking on the examination nights).
Statistical Analysis
Student t test was used to compare differences in mean values of physiological variables between shift and day worker groups. Differences in mean value of 3% ODI were tested by the analysis of variance. Fisher's exact test was used to compare the prevalence of SDB between the two groups. Because the distribution of 3% ODI was skewed, the natural logarithmic transform of (3% ODI ϩ 0.1) was used to normalize the distribution. Linear regression analysis was used to examine the associations between the natural log-transformed 3% ODI and BP levels after adjustment for age, BMI, alcohol intake, use of antihypertensive medication, and timing of BP measurement. The regression analysis was repeated, stratified by age groups of Ͻ40 and Ն40 years old. Statistical analyses were carried out using the SAS statistical package version 8.02 (Cary, NC). 16 All P values reported for statistical tests were two-tailed, and P Ͻ .05 denoted a significant difference. Table 1 shows selected physiologic and behavioral characteristics of the subjects. There was no significant difference in mean values of age, BMI, alcohol intake, and systolic and diastolic BP between the shift and day workers.
Results
The mean value of 3% ODI level and prevalence of SDB based on two thresholds are shown in Table 2 . We found no significant difference in mean value of 3% ODI level and the prevalence of SDB between the shift and day workers even after being stratified by age. Table 3 shows the correlations of SDB severity and BP levels after adjustment for age, BMI, ethanol intake, use of antihypertensive medication, and timing of BP measurement. Systolic and diastolic BP levels were correlated with log-transformed 3% ODI among total subjects, and this positive correlation was confined to the subjects aged Ն40 years, more specifically the shift workers.
Discussion
This study is one of the first to examine the relationship between SDB and hypertension in a shift worker population. It showed that the prevalence of SDB was not significantly different between shift and day workers.
Using the formula of [the proportion of AHI Ն20] ϭ [the proportion of 3% ODI Ն10 or 15(%) ϩ specificity (%) Ϫ 100]/[(sensitivity (%) ϩ specificity (%) Ϫ 100)] and a previously validated criteria obtained by Japanese men with BMI Յ27.0 kg/m 2 , 14 the estimated prevalence of SDB among middle aged Japanese men defined as AHI Ն20 is 7.3% when we used our prevalence data of 3% ODI Ն10, and 8.0% when we used the prevalence data of 3% ODI was Ն15.
Only a few studies have reported the prevalence of SDB in worksites, [17] [18] [19] mostly because of the laborious and time-consuming nature of PSG. Lavie 17 performed PSG on 78 male workers and found that 20.5% of them had an apnea index of Ն5. Hida and co-workers 18 developed a portable sleep monitoring device and showed that 7.5% of 159 healthy industrial workers (140 men and 19 women) had an apnea index of Ͼ10. In the present study, we adopted nocturnal home pulse oximetry to estimate SDB status during sleep at home. Home monitoring of nocturnal breathing has the advantage of providing a more realistic estimation of the prevalence and severity of SDB compared with hospital/laboratory studies, because regular daily habits of sleep, physical activity, diet, and alcohol intake are maintained. Furthermore, oximetry is considered to be the most reliable and reproducible variable used in full PSG, and it is also the most robust predictor of adverse cardiac events. 20, 21 We found that positive associations between SDB and BP levels were confined to the subjects aged Ն40 years, more specifically shift workers. Our results indicated that log ODI correlated with systolic BP level (P ϭ .05) and diastolic BP level (P ϭ .02) in shift workers aged Ն40 years. When we corrected P levels by multiplying two for the stratified analyses, the corrected P value was .10 for systolic BP and .04 for diastolic BP. These results suggest that the association between log ODI and BP level among older shift workers is not observed by chance because we hypothesized a priori that the combination of rotating shift work and SDB enhance the development of hypertension with aging. Our findings are in line with the report by Sharabi and co-workers 22 that diastolic BP is the first to increase in association with early subclinical obstructive sleep apnea syndrome. Recent large cross-sectional studies have shown a positive association between polysomnographically assessed AHI and daytime hypertension. 8 -11 Furthermore, a 4-year cohort study showed a dose-response relationship between AHI and risk of hypertension, with a multivariate odds ratio of 2.9 (95% confidence interval [95% CI] 1.5-5.6) for AHI Ն15 versus AHI ϭ 0. 12 A decrease of 3% ODI level from 99% to 96%, for example, may be insufficient to generate a chemoreceptormediated BP response to hypoxia in experimental situations. The Sleep Heart Health Study showed that AHI correlated well within a range of 0 to 14.9 with the prevalence of hypertension, where there was less than 3.5% of sleep time with below 90% oxygen desaturation. 9 Thus, 3% ODI level, which correlated well with mild-tomoderate AHI levels, may be useful to assess the relationship between SDB and daytime BP levels in a general population.
The strength of the present study is the high participation rate, which enabled us to estimate the prevalence free of any selection bias. Previous studies have estimated the prevalence of SDB, using a two-stage sampling procedure in which PSG was conducted on subsets of participants drawn from large sample surveys. 11, 19, 23 The estimated prevalence of SDB defined by AHI Ն15 was 9 (95% CI 6 -11) among 352 men aged 30 to 60 years, 19 whereas the estimated prevalence of SDB defined by AHI Ն20 was 9.6 (95% CI 7-12) among 1050 men aged 30 to 70 years, and 11 and 6.4 (95% CI 4.3-8.9) among 430 men aged 45 to 64 years. 23 In the present study, we estimated the prevalence of AHI Ն20 as 7% to 8% among Japanese men, which is similar to those reported in the Western populations. This relatively high prevalence of significant SDB in relatively thin workers are consistent with previous findings that being Asian is an independent risk factor for sleep apnea, probably due to their craniofacial features compromising the upper airway. [22] [23] [24] [25] [26] [27] [28] The potential disadvantage of pulse oximetry is considered to be the underestimation of respiratory disturbance events during sleep, particularly among the nonobese population. Sensitivity varies by BMI levels: 91% among patients with BMI Յ27.0 kg/m 2 , and 96% among those with BMI Ͼ27.0 kg/m 2 when using a cutoff threshold of 3% ODI ϭ 10; and 76% among patients with BMI Յ27.0 kg/m 2 and 93% among those with BMI Ͼ27.0 kg/m 2 for a cutoff threshold of 3% ODI ϭ 15.
14 The reasons for relatively low sensitivity in pulse oximetry among lean subjects have been considered to reflect there being enough functional reserves in lung volume to maintain normal blood oxygen level, along with difficulty in detecting hypopneic events that did not cause oxygen desaturation. Another concern is that total sleep time is dependent on self-report in this study, as only PSG can show real sleep time by electroencephalogram (EEG). However, our results are never an overestimation of the prevalence of SDB.
In the present study, BP was measured on the morning of the day shift for 88% of the shift workers and on the morning just after night work for the other shift workers. Given the knowledge that BP exhibits circadian variation, with the loss of the "morning dip" in BP reflecting an early sign of sleep apnea 29 and that shift work could affect the circadian fluctuation in BP, 7 we recognized that a single measure of BP at a single point in the day was not ideal. However, it was a practical necessity in this field setting. Because we confirmed that the timing of BP measurement did not affect the statistical results, we included all shift workers in the analyses. Ambulatory BP monitoring, which is available for measuring BP at multiple points in the day, may be useful in a further study.
The present study has implications for the health of shift workers. Hypertension has been regarded as a health consequence among shift workers, although its pathophysiologic mechanism remains undetermined. [5] [6] [7] Insufficient sleep accompanied by shift work may lead to increase activity of the sympathetic nervous system during daytime in addition to the disturbances of the normal circadian rhythms. 7, 30 A positive association between SDB and BP levels in the present study suggests that this sleep disorder would enhance the likelihood of cardiovascular disease that is inherent in working shifts. The predicted BP changes associated with expotential 2.7 (ϭ15) times as much as 3% ODI level (corresponding to the difference in 3% ODI from 1 to 15) among shift workers aged 40 years and older, were 5.3 mm Hg for systolic BP and 4.3 mm Hg for diastolic BP. Even such a small reduction in BP levels would have an important public health impact on cardiovascular morbidity and mortality in populations. A metaanalysis of nine prospective studies demonstrated that a long-term difference of 5 mm Hg in mean diastolic BP was associated with a 34% reduction in risk of stroke and a 21% reduction in risk of coronary heart disease. 31 In our previous study of Japanese men, a difference of 5 mm Hg in mean systolic BP was associated with a 15% reduction in risk of stroke and a 10% reduction in risk of coronary heart disease. 32 Therefore, the promotion of screening and treatment for undiagnosed SDB among shift workers would have a substantial impact on the prevention of cardiovascular disease.
Working outside the "normal" hours of 8 AM to 5 PM on shift work schedules is now commonplace for millions of workers worldwide.
1,2 Supposing one-third of shift workers (2 million) in Japan are older than 40 years, and 7% to 8% as the estimated prevalence of AHI Ն20, approximately 14,000 to 16,000 workers will be at risk for high BP by the combined effect of shift work, SDB, and aging.
In conclusion, a correlation between SDB severity and diastolic BP levels among shift workers aged Ն40 years suggests the importance of screening for SDB among shift workers. Clinical trials are required to explore the effect of SDB intervention on the enhancement of BP control among shift workers. .31
Abbreviations as in Tables 1 and 2. a Adjusted for age, BMI, ethanol intake, use of antihypertensive medication, and timing of blood pressure measurement.
